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(54) Corrugated catheter balloon 

(57) A catheter balloon is provided with a balloon 
body that includes at least one bump provided on the 
outer surface of the balloon body, with the bump being 
made in one piece with the balloon body. The bump can 
include a pattern of bumps provided on the outer sur- 
face of the balloon body, wtth the pattern of bumps 
assuming one of many configurations. A method is also 



provided for making a balloon for use with a catheter, 
including providing a tubing having an outer surface and 
at least one longitudinal bump provided integral with 
and in one piece with the tubing on the outer surface, 
and forming a balloon from the tubing. 
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Description 

BACKGROUND OF THE INVENTION 

1 FiPlri of the Invention 

[0001] TTie present invention relates to balloons 
that are used in connection with catheters, and in partic- 
ular, corrugated balloons that can be adapted for use 
with dilatation catheters and catheters used to deliver 
intraluminal stents. 

2. Description of the Prior Art 

[0002] Catheter systems were initially provided for 
use during embolectomy and dilatation procedures to 
access intraluminal clots, thrombus, emboli or other 
deposits that have built up in the vessel. In a traditional 
embolectomy procedure, a catheter having a latex bal- 
loon is inserted into the lumen of the Wood vessel so 
that the balloon extends beyond the clot, thrombus or 
deposit The balloon is then inflated and pulled out of 
the vessel, dragging the clot, thrombus or deposit out of 
the vessel. In a traditional dilatation procedure, a cathe- 
ter having a balloon is inserted into the lumen of the 
blood vessel so that the balloon is positioned in the 
region of the thrombus, emboli or deposit. The balloon 
is then inflated to break up the thrombus, emboli or 
deposit, by pushing it into the vessel wall. The catheter 
and its balloon are then removed from the vessel. 
[0003] Recently the development of endovascular 
stents and grafts have introduced an additional impor- 
tant function for balloon catheters: to carry, deliver and 
deploy intraluminal prosthesis such as stents and stent- 
grafts (also referred to hereinafter as "prosthesis'') In 
such an application, the prosthesis is compressed 
around the exterior of a deflated balloon. The catheter is 
then delivered intraluminally until the balloon is posi- 
tioned at the desired stenting location in the vessel. 
Thereafter, the balloon is inflated to expand the prosthe- 
sis until the prosthesis engages the luminal wall of the 
vessel. TTie balloon is then deflated, and the catheter 
removed. 

[0004] Conventional balloons are made from a pol- 
ymeric material, with the most common examples being 
polyethylene (PE), nylon, silicon, or polyethylene 
terephthalate (PET). These conventional balloons typi- 
cally have a generally oval configuration when 
expanded, and have a smooth and flat exterior surface. 
[0005] Balloons made from PE, silicone or similar 
materials tend to be more compliant than balloons 
made from PET and nylon. As a result, PET and nylon 
balloons are favored for use in the delivery of prosthe- 
ses. However, PET and nylon balloons have very thin 
walls that tend to be susceptible to mechanical damage 
(e.g., scratching, punching, tearing) and which may 
result in leakage of the balloon. 
[0006] While conventional balloons have performed 



their embolectomy, dilatation and prosthesis-delivery 
functions relatively effectively, there are still unresolved 
problems associated with the use of conventional bal- 
loons for these procedures. 

5 [0007] For example, the compliance of conventional 
balloons is relatively consistent throughout, which can 
be troublesome in certain circumstances. Fa example, 
balloons made from PE material exhibit greater compli- 
ance under higher pressures. This may cause over<lila- 

io tion of the blood vessel, and in extreme cases, may 
cause the blood vessel to rupture. Some conventional 
balloons may also experience radial tearing when the 
balloon is expanded. 

[0008] In addition, when used for dilatation, the 
is generally oval expanded configuration of the conven- 
tional balloon with a smooth and flat exterior surface 
may sometimes be ineffective in dilating certain calcified 
or hard deposits, if these materials are particularly hard. 
This is because expansion of a relatively compliant bal- 
20 loon against very hard deposits may not cause the 
deposit to be dislodged or broken apart from the luminal 
wall. 

[0009] When used for the delivery of prostheses, 
there is a significant concern that the prosthesis that is 
25 compressed over the non-inflated balloon will slip from 
or become mispositioned along the exterior surface of 
the balloon. This slippage or mispositioning is again a 
potential by-product of the smooth and flat exterior sur- 
face of a conventional balloon. Therefore, endovascular 
30 delivery systems that are provided to deliver prostheses 
often provide mechanisms (e.g., sleeves for covering 
the ends of the prosthesis) for holding the prosthesis 
securely over the non-inflated balloon. These mecha- 
nisms often complicate the design of the delivery sys- 
35 terns and increase the costs thereof. 

[001 0] In addition, effective deployment of the entire 
length of the prosthesis requires the balloon to have 
generally the same outer diameter throughout when 
expanded. In this regard, the normal oval configuration 
40 of an expanded balloon makes it difficult to achieve this 
objective. To address this problem, a number of efforts 
have been made, such as to provide longer balloons, 
and to provide balloons that are constrained at both 
ends to cause the balloon to assume a "square" conf ig- 
45 uration when expanded, among others. However, longer 
balloons complicate the design of the delivery system 
and catheter. In addition, balloons having constrained 
ends are susceptible to experiencing a "dog-bone" 
effect when expanded, where both ends of the balloon 
so are wider than the central portion of the balloon, resem- 
bling the shape of a dog-bone. The "dog-bone" effect 
can be potentially dangerous to the patient because the 
ends of the expanded prosthesis tend to have a larger 
diameter than the central portions, and therefore may 
55 cut or otherwise rupture the wall of the vessel into which 
the prosthesis is being deployed. 
[0011] Thus, there still exists a need for balloons 
that can be used effectively for both dilatation and the 
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delivery of prosthesis, which help to reduce the com- 
plexity of catheter devices used for these procedures, 
which have a simple structure, and which are easy and 
inexpensive to manufacture. 

5 

SUMMARY OF THE DISCLOSURE 

[0012] In order to accomplish the objects of the 
present invention, there is provided a balloon for use 
with a catheter, the balloon having a balloon body that io 
includes at least one bump provided on the outer sur- 
face of the balloon body and being made in one piece 
with the balloon body. 

[0013] In one embodiment, the at least one bump 
includes a pattern of bumps provided on the outer sur- 15 
face of the balloon body. The pattern of bumps can 
assume one of many configurations. For example, the 
pattern can be an uninterrupted helical pattern extend- 
ing across the balloon from the first end to the second 
end. As another example, the pattern can be a helical 20 
pattern provided adjacent opposite first and second 
ends of the balloon, with the central portion of the bal- 
loon being devoid of a helical pattern. As another exam- 
ple, the pattern can be a helical pattern provided at the 
central portion of the balloon, with opposite first and 25 
second ends of the balloon being devoid of a helical pat- 
tern. 

[0014] The present invention also provides a 
method of making a balloon for use with a catheter, 
including providing a tubing having an outer surface and 30 
at least one longitudinal bump provided integral with 
and in one piece with the tubing on the outer surface, 
and forming a balloon from the tubing. 
[0015] In one embodiment, the method can include 
forming a configuration for the at least one longitudinal 35 
bump on the outer surface of the balloon. The configu- 
ration can be formed by twisting opposing ends of the 
balloon. It is also possible to subject selected portions 
of the outer surface of the balloon to heat during the 
twisting. 40 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

45 

FIG. 1 is a perspective view of a balloon according 
to one embodiment of the present invention; 
FIGS. 2A, 2B and 2C are cross-sectional views of 
extruded balloon tubings having a different number 
of radial bumps; so 
FIG. 3A is a side perspective view of an expanded 
extruded balloon tubing having three radial bumps; 
FIG. 3B is a cross-sectional view of the tubing of 
FIG. 3A; 

FIG. 4A is a side perspective view of an extruded ss 
balloon tubing having four radial bumps; 
FIG. 4B is a cross-sectional view of the tubing of 
FIG. 4A; 



FIG. 5 is a flow-chart illustrating a method of form- 
ing a corrugated balloon according to the present 
invention; 

FIG. 6 is a perspective view of a balloon according 
to another embodiment of the present invention; 
FIG. 7 is a perspective view of a balloon according 
to yet another embodiment of the present invention; 
FIG. 8 illustrates one method of forming a helical 
pattern of corrugations for the balloon of FIG. 7; 
and 

FIG. 9 illustrates another method of forming a heli- 
cal pattern of corrugations for the balloon of FIG. 6. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] The following detailed description is of the 
best presently contemplated modes of carrying out the 
invention. This description is not to be taken in a limiting 
sense, but is made merely for the purpose of illustrating 
general principles of embodiments of the invention. The 
scope of the invention is best defined by the appended 
claims. In certain instances, detailed descriptions of 
well-known devices, compositions, components, mech- 
anisms and methods are omitted so as to not obscure 
the description of the present invention with unneces- 
sary detail. 

[0018] The present invention provides corrugated 
balloons having strips or bumps (also referred to herein 
as "corrugations") extending radially from the exterior 
surface of the balloon. The corrugations can be pro- 
vided in any configuration, and can be configured differ- 
ently at different parts of the balloon. The present 
invention also provides simple and cost-effective meth- 
ods of manufacturing the corrugated balloons. 
[001 9] The basic principles of the present invention 
are illustrated by the balloon 20 in FIG. 1. The balloon 
20 has a pair of intersecting helical corrugations or 
bumps 22 and 24, each of which extends from a first 
end 26 of the balloon 20 to a second end 28. 
[0020] FIGS. 2-4 illustrate how the balloon 20, and 
similar balloons, can be made. FIG. 5 is a flowchart 
illustrating the steps of the method of the present inven- 
tion. In the first step 70, a conventional balloon tubing is 
extruded to provide an extruded tubing. The tubing can 
be a material used for forming conventional balloons, 
and is preferably less compliant and has a higher burst 
pressure. Examples of this material include polyethyl- 
ene (PE), nylon, PET and silicone. In a preferred exam- 
ple, the material can be a high-density PE. Such 
conventional tubings are typically extruded together 
with a plurality of bumps or corrugations that are pro- 
vided in the same material as the tubing, so that the 
resulting tubing and bumps are provided as one piece. 
As an alternative, the bumps can be provided in a mate- 
rial (e.g. t PE, nylon, PET or silicone) that is different 
from the material of the tubing, and then co-extruded 
with the tubing, again to provide the resulting tubing and 
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bumps as one piece. 

[0021] For example. FIGS. 2A, 2B and 2C illustrate 
tubings 40, 50 and 60 having two, three and four longi- 
tudinal bumps 42, 52 and 62, respectively, that extend 
radially from the exterior surface 46, 56, 66 of the tub- 
ing. Any of these tubings 40, 50, 60 can be used to form 
the balloon 20 of FIG. 1 , since balloon 20 can be formed 
by a tubing having any number of bumps by varying the 
number of twists (as explained below) that are applied 
to the tubing. Returning to FIGS. 2A, 2B and 2C, any 
number of bumps (i.e., two or more) can be provided for 
each tubing. In one embodiment, the bumps 42, 52, 62 
can be spaced-apart from each other in an equi-distant 
manner about the circumference of the respective tub- 
ing 40, 50 or 60. These tubings 40, 50, 60 have a con- 
sistent configuration throughout their lengths after the 
extrusion step. As can be seen, the bumps 42, 52, 62 
provide an increased wall thickness (see 38 in FIG. 2B) 
in the wall of the balloon. The thicknesses of the bumps 
42, 52, 62 can also be varied, and designed according 
to the particular application or need. In addition, the 
bumps 42, 52, 62 can have different shapes. For exam- 
ple, bumps 42 in FIG. 2A can be generally triangular, 
while the bumps 52 and 62 in FIGS. 2B and 2C, respec- 
tively, can be generally curved or rounded. Moreover, 
the tubing can be co-extruded from different densities. 
For example, the body of the tubing can be a low-den- 
sity PE material, while the bumps can be a high-density 
PE. The high-density PE is less compliant so it has a 
higher burst pressure. 

[0022] In the second step 72, the extruded tubing 
may be treated. The treatment will vary depending upon 
the nature of the material used. For example, a PE tub- 
ing is treated by electrobeams (i.e., irradiation) to 
change the molecular structure of the tubing material to 
allow it to be expanded. Irradiated PE tubing has similar 
properties as shrink tubing. On the other hand, PET, 
nylon and silicone do not need to be treated. 
[0023] In the third step 74, the balloon is then 
formed from the tubing. The balloon can be molded by 
hand, or formed in a conventional balloon-forming 
machine using temperature, axial stretch and controlled 
force of the stretch with pressure (as known in the art) to 
expand the tubing into the desired shape of the balloon. 
FIGS. 3A, 3B, 4A and 4B illustrate what the tubing looks 
like after the balloon has been formed. In particular, the 
tubings 50 and 60 are shown in FIGS. 3 and 4. respec- 
tively. In FIGS. 3A and 3B, the tubing 50 is shown with 
the formed balloon 54 having three longitudinal bumps 
52 that extend radially from the exterior surface 56 of 
the balloon 54. Similarly, in FIGS. 4A and 4B, the tubing 
60 is shown with the formed balloon 64 having four lon- 
gitudinal bumps 62 that extend radially from the exterior 
surface 66 of the balloon 64. 
[0024] In the fourth step 76, the desired configura- 
tion of the corrugations or bumps is created on the 
formed balloon of the extruded tubing. Referring to FIG. 
1, this can be accomplished in general by gripping the 



ends 26 and 28 of the balloon 20, and then twisting the 
balloon 20 in opposite directions. The twisting is per- 
formed under appropriate temperatures (e.g., about 300 
degrees Fahrenheit), pressures (e.g., 40 PSI), and axial 

5 stretch (e.g„ 200% stretch). The gripping and twisting 
can be done by a pair of human hands, or by a custom- 
ized machine or robot that is built for this application. 
The gripping and twisting will cause the longitudinal 
bumps 22 and 24 to form a helical pattern, so that adja- 

w cent longitudinal bumps 22 and 24 will form intersecting 
helixes as shown in FIG. 1. In FIG. 1, the helical corru- 
gations or bumps 22, 24 extend in a uniform and con- 
sistent manner from one end 26 to the other end 28 of 
the balloon 20. If the twisting is done manually (i.e., by 

75 hand), the maker can view the emerging helical pattern 
as he or she is twisting the balloon 20, so that the maker 
can then decide on the exact helical pattern that is 
desired. For example, adding a few additional twists will 
result in a smaller pitch between adjacent helixes in the 

20 resulting helical pattern. 

[0025] Thereafter, in the fifth step 78, the corru- 
gated balloon is stabilized (e.g., removing the balloon 
from a heated zone and then allowing it to cool) using 
appropriate temperatures (e.g.. 120-180 degrees Fahr- 

25 enheit) and pressures (e.g., 40-50 psi) to fix the config- 
uration of the balloon and its corrugation pattern. 
[0026] Different patterns of corrugations can be 
formed on the balloon 20. For example, FIG. 6 illus- 
trates a balloon 20a having generally helical corruga- 

30 tions adjacent the ends or necks 26a, 28a of the balloon 
20a, with the corrugations at the center portion of the 
balloon 20a having a simple longitudinal pattern. This 
pattern of corrugations is especially useful for use in the 
delivery of a prosthesis, since the helical corrugations at 

35 both ends 26a, 28a of the balloon 20a provide grooves 
and an uneven surface that are effective in preventing 
slippage of the prosthesis. In addition, this pattern of 
corrugations can minimize the "dog-bone" effect 
because the ends 26a, 28a are less compliant than the 

40 middle section of the balloon 26a (which has fewer heli- 
cal corrugations). 

[0027] As another example, FIG. 7 illustrates a bal- 
loon 20b having generally helical corrugations at the 
center portion 25b thereof, with the corrugations at the 

45 tapered portions 27b, 29b adjacent the ends 26b, 28b of 
the balloon 20b having a simple longitudinal pattern. 
This pattern of corrugations renders the center portion 
25b more compliant than the tapered portions 27b, 29b, 
and is especially useful for use in stent sizing. 

so [0028] The different corrugation patterns illustrated 
in FIGS. 6 and 7 can be easily formed by covering the 
portions of the balloon where the twisting (i.e., helix) is 
to be absent, and then applying a heat source only to 
the exposed portions where twisting is to occur. For 

55 example, the heat can be provided by hot air blown from 
a heat torch. The twisting action can then be applied 
simultaneously with the application of the heat. In one 
embodiment, the covering can be accomplished by 
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using the fingers of a hand or a sheet of material. 
[0029] For example, referring to FIG. 9. two fingers 
can be used to cover the end 26a and the center portion 
25a of the balloon 20a to form corrugations or twists at 
the tapered portion 27a, but not at the center portion 
25a, with the heat being applied to the tapered portion 
27a only. Then, the two fingers can be used to cover the 
end 28a and the center portion 25a of the balloon 20a to 
form corrugations or twists at the tapered portion 29a, 
but not at the center portion 25a, with the being applied 
to the tapered portion 29a only. 
[0030] As another example, referring to FIG. 8, two 
fingers can be used to cover the tapered portions 27b 
and 29b adjacent the two ends 26b and 28b, respec- 
tively, of the balloon 20b, to form corrugations or twists 
at the center portion 25b, but not at the tapered portions 
27b, 29b. The heat would be applied to the center por- 
tion 25b only. 

[0031] In FIG. 1, the balloon 20 would not be cov- 
ered, and heat would be applied to the entire balloon 20 
during twisting. 

[0032] Thus, the corrugated balloons of the present 
invention are formed without (1) the use of glue, (2) the 
cutting or engraving of the surface of the balloon wall, 
and (2) the application of separate strips of material 
after the balloon has been formed. These features ena- 
ble the corrugated balloons of the present invention to 
be provided in a cost-effective and reliable manner that 
renders the balloons safe and effective in use. 
[0033] The corrugated balloons of the present 
invention are also effective in addressing the problems 
described above. In particular, the corrugated balloons 
of the present invention have different compliances 
along the bumps or corrugations, thereby being well- 
suited for use with stents or prostheses having different 
resistance characteristics. This would allow the physi- 
cian to more easily and accurately position and set the 
prostheses inside the lumen of a vessel. In addition, the 
varying wall thickness of the corrugated balloons of the 
present invention provide different wall thicknesses to 
minimize radial tearing of the balloon. Moreover, the 
corrugations provide grooves and an uneven surface 
that are effective in preventing slippage of a prosthesis 
when used to deliver such prosthesis. Further, the cor- 
rugations help the balloon attain generally the same 
outer diameter throughout during radial expansion of 
the balloon and axial expansion of the prosthesis. When 
used for dilatation, the varying thicknesses of the bumps 
or corrugations are effective in dislodging or breaking 
up the calcified or hard deposits. 
[0034] The present invention provides yet another 
benefit in that different outer diameters of the expanded 
balloon can be controlled and made by changing the 
density and directions of the corrugation patterns. In 
other words, the number of corrugations and the density 
of the twists can be varied to obtain the desired outer 
diameters, and the desired compliance at the balloon 
wall. 



[0035] Trie corrugated balloons of the present 
invention can be used in connection with any conven- 
tional catheter, including over-the-wire, rapid-exchange, 
or fixed-wire catheters. 

5 [0036] While the description above refers to partic- 
ular embodiments of the present invention, it will be 
understood that many modifications may be made with- 
out departing from the spirit thereof. The accompanying 
claims are intended to cover such modifications as 

10 would fall within the true scope and spirit of the present 
invention. 



Claims 

75 1. A balloon for use with a catheter, comprising a bal- 
loon body made from a material and having an 
outer surface, the balloon further including at least 
one bump provided on the outer surface of the bal- 
loon body and being made in one piece with the 

20 balloon body. 

2. The balloon of claim 1 , wherein the at least one 
bump includes a pattern of bumps provided on the 
outer surface of the balloon body. 

25 

3. The balloon of claim 2, wherein the balloon has a 
first end and a second end, and wherein the pattern 
of bumps is an uninterrupted helical pattern extend- 
ing across the balloon from the first end to the sec- 

30 ond end. 

4. The balloon of claim 2, wherein the balloon has a 
first end, a second end and a central portion, and 
wherein the pattern of bumps is a helical pattern 

35 provided adjacent the first and second ends of the 
balloon, with the central portion of the balloon being 
devoid of a helical pattern. 



40 



45 



5. The balloon of daim 2, wherein the balloon has a 
first end, a second end and a central portion, and 
wherein the pattern of bumps is a helical pattern 
provided at the central portion of the balloon, with 
the first and second ends of the balloon being 
devoid of a helical pattern. 



6. The balloon of claim 1, wherein the material is 
selected from the group consisting of PET, PE, sili- 
cone and nylon. 

so 7. The balloon of claim 1 , wherein the bump is made 
from a material that is different from the material for 
the balloon body, the bump being co-extruded with 
the balloon body. 

55 8. The balloon of claim 1, wherein the balloon has a 
first end, a second end and a central portion, and 
wherein the first and second ends have a different 
compliance than the central portion. 
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9. The balloon of claim 1 , wherein the balloon is less 
compliant at the region of the bump than at other 
portions of the balloon. 

1 0. A method of making a balloon for use with a cathe- s 
ter, comprising: 

providing a tubing having an outer surface and 
at least one longitudinal bump provided integral 
with and in one piece with the tubing on the 10 
outer surface; and 
forming a balloon from the tubing. 

11. The method of claim 10, further including: 

15 

forming a configuration for the at least one lon- 
gitudinal bump on the outer surface of the bal- 
loon. 

1 2. The method of claim 1 1 , wherein the configuration 20 
for the at least one longitudinal bump is formed by 
twisting opposing ends of the balloon. 

13. The method of claim 12, wherein the configuration 

for the at least one longitudinal bump is formed by 25 
twisting opposing ends of the balloon while subject- 
ing selected portions of the outer surface of the bal- 
loon to heat. 

14. The method of claim 13, wherein the selected por- 30 
tions of the outer surface of the balloon are heated 

to about 300 degrees Fahrenheit. 

15. The method of claim 1 1 , further including: 

35 

stabilizing the balloon. 

16. The method of daim 10, wherein the longitudinal 
bump is co-extruded with the tubing to form the lon- 
gitudinal bump on the outer surface of the tubing. 40 

17. The method of claim 10, further including providing 
a plurality of longitudinal bumps on the outer sur- 
face of the tubing. 

45 

18. The method of claim 10. further including providing 
the tubing and the longitrudinal bump from different 
materials, and co-extruding the with the tubing. 
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